The hearing loss of workers can occur when they are affected by age, otologic disease, and work-related risks such as noise and chemicals. Based on the Korean Working Conditions Survey (KWCS) in 2010, this research aimed to estimate the prevalence rate of hearing loss and to identify the risk factors affecting its occurrence. Subjects and Methods: The subjects were 10019 employees who completed an interview conducted as part of KWCS in 2010. The prevalence rate of hearing loss according to sex, age, education, income, smoking, drinking, hypertension, industrial type, occupations, employment status, working period, and hazards at the workplace were assessed. The factors that could affect the occurrence of hearing loss were investigated based on a logistic regression analysis. Results: The prevalence rate of hearing loss was 2.7%. In a logistic multivariate analysis, sex, age, occupations, working period, noise, and exposure to chemicals showed statistically significant correlations to the occurrence of hearing loss. The adjusted odd ratios were as follows: 1.74
Introduction
In general, hearing loss can be generated by several reasons, such as age, noise, otologic disease, head injury, genetic factors, and drugs. Age-related hearing loss (presbycusis) has been considered to have a correlation to old age only, but recent studies reported that it was defined as overall hearing loss that resulted from many types of physiologic degenerations, such as hearing loss through the exposure to noise, ototoxic drugs, and medical conditions. The environmental risk factors affecting hearing loss are noise, vibration, head injury, organic solvents, heavy metals, ototoxic drugs, smoking, and alcohol. 1) Industrial workers can be easily exposed to industrial noise, unlike the general population group, because noise occurs inevitably in their workplaces. Thus, this workplace noise acts as a source to noise-induced hearing loss (NIHL). Specifically, occupational factors, like noise exposure level, frequency, exposure time and period, and individual susceptibility are the main reasons that generate hearing loss. Individual susceptibility can be affected by many factors like sex, race, age, initial hearing, cardiovascular risks such as smoking, overweight, hypertension, and diabetes mellitus, and interaction of noise and other noxious agents.
There are several forms of health observations associated with the hearing of the population groups in Korea, such as the General Health examination, Special Health Examination, Korean National Health and Nutrition Examination Survey (KNHANES), and Korean Working Conditions Survey (KW-CS). However, General Health Examination has problems with reliability of the test result and there is the possibility of a false negative, while simple check of normality of hearing ability is possible by this examination. In case of Special Health Examination, levels of hearing loss and relationships between noise and NIHL can be identified, but there is limitation in utilizing the data due to the lack of information on other risk factors affecting the deterioration of hearing ability. On the other hand, the KNHANES is lacking in the evaluation of the exposure to hazardous factors, as well as having the job classifications of subjects not being specified, since the aim of this survey is not for the workers' labor environment and the work-related diseases. 2) Eurostat investigated the risk factors for both general and occupational diseases, and reported the incidence rate of each disease, using the reported data in the European schedule for occupational disease.
3) Meanwhile, the European Foundation for the improvement of Living and Working Conditions has conducted European Working Conditions Survey (EWCS) since 1991, which is designed to improve the working conditions and to establish a new policy that will enhance the quality of life through the assessment on the work environment including the hazardous factors to the workers. A recent 5th edition of EWCS was conducted with 42765 workers in a number of European countries (1000-4000 workers per country after considering the population and economic size of each country).
4)
The first KWCS was conducted in 2005, and the second KWCS was carried out in 2010. The comparison of physical factors, work-related symptoms, and the number of work-related leaves of KWCS 2005 with those of EWCS has been reported. 5) This study used the data of the second KWCS, a household survey subjected to workers based on the probability proportional to systematic sampling of nationwide stratification. In this survey, socio-demographic factors such as sex, age, region, education level, and monthly income, medical risk factors such as hypertension and obesity, health behavior factors such as smoking and drinking, occupational factors like industry type, occupations, employment status, number of employees, and working period, and the exposure to hazardous factors such as noise, vibration, and chemicals were included. 6) Thus, this research aimed to estimate the prevalence rate and to identify risk factors that affected the occurrence of hearing loss under the definition that hearing loss occurs when workers have had a hearing problem for the past 12 months.
Subjects and Methods

Subjects
The second KWCS, composed as an interview type, used the household survey method and it was conducted from the 20th of June, 2010 to the 10th of October, 2010. The survey subjects were employees who were over 15 years old and who have worked for more than one hour for the past week starting from the time of the survey. The subjects were chosen using a probability proportional to the systematic sampling of stratification in 265350 enumeration districts and 15887128 families, with the exception of people on islands, technical facilities, special welfare institutions and foreign enumeration districts. For this study, 10019 workers who were over the age of 15 years old and self-employed without employees, self-employed with employees, employees, and unpaid family workers were selected as the research subjects. 'Self-employed without employees' are workers who perform professional work or manage their business through individual responsibility, themselves, or with unpaid family workers. 'Self-employed with employees' are workers conducting their business with more than one employee. 'Employees' are workers who get paid for their labor as a wage, salary, or daily wage. Lastly, 'Unpaid family workers' could be defined as employees who work in a family or relative owned shop or business for more than 18 hours in the past week without a salary.
Methods
In this study, 267 (2.7%) people responded 'YES' to the question, 'have you ever had any hearing problems for the past 12 months?' in the second KWCS, with these people being defined as having hearing loss.
Industrial classification was categorized depending on the Korean Standard Industrial Classification through the following: mining, agriculture, manufacturing, construction, transportation, and others (electricity, gas, and water supply, wholesale and retail trade, accommodation and food service activities, information and communications, financial and insurance activities, real estate activities and renting and leasing, business services, public administration, defense and compulsory social security, education, human health and social work activities, arts, sports and recreation related services, repair and other personal services). Occupations were classified by manage/professional work (professionals, senior managers), manual work (craft and related trade workers, machine operators and assemblers, and elementary occupations), and office service work (clerks, sale workers, service workers). Hazardous factors that can affect workers' hearing ability are noise, vibration and chemicals at the workplace; relevant hazardous factors were classified into non-exposure (exposed for 1/4 or less of the working hours), and exposure (exposed for half or more of the working hours).
Also, several variables were defined in order to examine the prevalence rate of hearing loss as follows: age (20s, 30s, 40s, 50s), region (six major cities including Seoul, others), number of employees (1-4, 5-49, 50-299, over 300), working period (4 years or less, 5-9 years, 10-19 years, over 20 years), health behavior like smoking and alcohol drinking (currently in use), chronic diseases like hypertension and obesity (currently diagnosed), education (graduate of high school, above college), and monthly income (below 2000000 won and above 2000000 won).
Statistical analyses
In order to identify the factors that affect hearing loss, univariate and multivariate logistic regression analyses were performed through a chi-square test with the checking of several factors, such as individual socio-demographic factors (sex, age, region, education level, and monthly income), work factors (industry type, occupations, employment status, number of employees, working period, and exposure to hazards at the workplace), health behavior (smoking and alcohol drinking), and medical risk factors (hypertension and obesity). Furthermore, to investigate whether hazardous factors were exposed and how exposure levels in the workplace affect hearing loss, noise was separated into categories. In regards to other factors like noise, vibration, and chemicals, this study represented an odds ratio (OR) from the univariate logistic regression analyses of hearing loss, after separating into non-exposure, uniexposure, and the multi-exposures, and the multivariate regression analyses under controlled individual risk factors like sex, age, working period, smoking, alcohol drinking, hypertension, and obesity. This research analyzed the prevalence rate and risk factors of hearing loss using IBM SPSS Statistics 18 program as an interview survey through probability that is proportional to the systematic sampling of nationwide stratification.
Results
Sex distribution depending on the general characteristics of the survey subjects Among 10019 research subjects, the number of males was 5850 (58.4%) and the number of females was 4169 (41.65%). Generally, male subjects were older than female subjects. The results of the education level indicated that the rate of males who graduated to above college and gained over 2000000 won as a monthly income was higher than that of females. The rate of males who worked in manufacturing, construction, and transportation was higher than that of females, while the rate of females engaged in agriculture and other industries was higher than that of males. In regards to occupations, the rate of males engaged in manage/professional and manual work was higher than that of females. More males were engaged in larger companies than females, and their working period was also longer. The male workers' exposure rate to hazardous factors like noise, vibration, and chemicals was higher than that of female workers. Males did more smoking and alcohol drinking (Table 1).
Distribution of hearing loss depending on related factors of the survey subjects
The prevalence rate of hearing loss was found to be a total of 267 (2.7%) workers. A significant difference could be identified between 191 (3.3%) males and 76 (1.8%) females. Based on the results from the examination of the differences in distribution through the main variables related to hearing loss of each male and female, in the case of males, there were considerable statistical differences in the rate of people having hearing loss in age, education, monthly income, hypertension, industry type, occupations, employment status, working period, noise, vibration and chemicals exposures except for region, number of employees, obesity, smoking and alcohol drinking. In the case of females, the data represented significant differences in age, region, education, monthly income, industry type, occupations, employment status, working period, noise and vibration exposures. The hearing loss tend to occur more frequently in older ages, in small-size cities, in construction, manufacturing, agriculture, and mining industries, in manual work, and in longer working period. In addition, the workers who were exposed to noise, vibration, and chemicals at the workplace, and the workers with hypertension, low education level, and low monthly income showed higher rate of hearing loss (Table 2) .
Factors affecting the hearing loss of the survey subjects
In the case of the univariate analysis, the hearing loss risk for males was increased compared with female (OR 1.83, 95% CI, 1.40-2.39). In regards to age, ORs was 2.72 (95% CI, 1.61-4.59) for subjects in their 40s and 4.02 (95% CI, 2.42-6.66) for subjects in their 50s, when compared with subjects in their 20s. For the region analysis, OR of workers in other cities was higher than that of the major cities. There were statistically significant ORs; 1.54 (95% CI, 1. (Table 5) .
Discussion
This research discovered that there were correlations with the occurrence of hearing loss that is generated by sociodemographic variables such as sex, age and education level, individual risks such as smoking, and hypertension, and occupational risks such as type of industry, occupations, employment status, and working period. It further found additional risks of hearing loss, such as isolated exposure to noise, vibration, and chemicals, and the combined exposures to these hazards after the corrections of individual risk factors like sex, age, smoking/alcohol drinking, hypertension, and obesity. Also, the study of hearing loss, using the data from the National Health and Nutrition Examination Survey 1999-2004, presented that noise exposure, hypertension, diabetes, and smoking (over 20 pack of cigarette per year) could influence the prevalence rate of hearing loss besides sex and age factors. 7) In this research, the prevalence rate of hearing loss was 2.7%, which was lower than that of other studies, and even lower than when the standards to define a hearing impairment was the pure-tone average (PTA) of hearing test. Kim, et al. 8) examined 5724 subjects from Seoul, Gyeonggi, and Gangwon provinces, and proved the incidence rate of heaing loss was 9.4% and 1.4% for 27 dB HL or higher and 41 dB HL or higher criterion, respectively. Agrawal, et al. 7) indicated that 16.1% of US adults (29 million Americans, 7.3% bilateral and 8.9% unilateral) had speech-frequencies hearing loss (PTA of 25 dB or higher at 0.5, 1, 2, and 4 kHz), and 30% (55 million Americans, 12% unilateral and 19% bilateral) had high-frequencies hearing loss (pure-tone mean of 25 dB or higher at 3, 4, and 6 kHz). Based on sex, the hearing threshold and the ratio of hearing loss for males were generally higher than those of females. Although OR for males was 1.74 fold higher in this research, Kim, et al. 8) study, in 2000, indicated that the ratio for males was three-fold higher than that of females at the ratio of hearing loss of the 41 dB HL PTA criterion. In Agrawal, et al. 7) research, in 2008, OR was 2.4 (1.7-3.5) and high-frequency hearing loss was 5.5 (4.0-7.5), which focused on the standards of bilateral hearing loss. In the study on hearing for older people, the hearing threshold for males was higher than that of females at over the 1 kHz frequency, and vise versa below the 1 kHz frequency. This result could be explained as being caused by environmental factors, like noise exposure of males, and physiological factors, like high vascular diseases of females.
9)
Even though age is not a direct factor that affects hearing loss, it can have significant indirect impact on hearing because the effects of presbycusis increase as people get older. There was a correlation between age and hearing loss, and the prevalence rate of hearing loss significantly increased with age. 7) With an increase of age, the hearing threshold can be raised and the hearing loss at the high frequency is higher than that of the low frequency. If any factor among the forms of noise exposure and the increase of age acts on people, they are enough to cause pathological, physiological, or histopathological disorders. More specifically, based on animal tests, an increase in age and noise exposure has an effect in increasing the sensitivity of NIHL.
Although there is controversy on whether the relation between age and noise exposures is additive or correlated, the major opinion is that it is restrictive and additive. The study in 1999 by Lee, et al. 10) represented that the increase in age and level of noise exposure, that affects changes in hearing, had an impact on the hearing threshold independently and there were additive effects. As a result of the analysis of age, noise exposure, blood pressure and serum cholesterol in the 2001 study of Toppila, et al., 11) the elderly subjects were more susceptible to NIHL than younger subjects. Also, factors independently but causally related to age were important in the development of NIHL among workers exposed to noise levels below 98 dB(A). Advanced permanent threshold shift apart from noise exposure in population surveys has been explained to arise from biological and environmental factors. Nevertheless, the data on NIHL in carefully controlled studies show considerable case-to-case variation, indicating that individual susceptibility also plays a significant role. Factors such as elevated blood pressure, altered lipid metabolism, smoking, and genetic factors are believed to aggregate in NIHL. More specifically, the effects of noise were partially concealed and the significance of noise exposure may have been rejected by the confounding factors in the occurrence of hearing loss. However, a review of controlled research shows that the influence of these intrinsic variables is relatively small and cannot explain the wide range of hearing loss observed in demographic studies. 12) In regards to the effects of smoking on the auditory system, it can be possible to depict the direct ototoxic effects on the outer hair cells of the inner ear. Smoking increases the carboxyhemoglobin in the blood resulting in a decrease in the amount oxygen that can be used by cells. Nicotine also contributes to hearing impairment. Its action is relate to blood vessel artherosclerosis. The cochlear artery especially its end artery in the inner part of higher frequency cochlear will be affected by this artherosclerotic change. Smoking, in relation to age, has multiplicative adverse effect on hearing impairment. The prevalence rate of hearing impairment increased with the increasing number of pack-years. A marked increase in hearing impairment prevalence occurred for the subjects who smoked more than 20 pack-years. The increase of hearing threshold by frequency was greater at the higher frequency. As risk factors for the disability of hearing loss, age and the amount of smoking was indicated to independently affect hearing impairment. Smoking affects hearing more harshly when combined with noise. Anti-smoking education is necessary, since smoking can accelerate hearing loss, with this influence increasing through the interactions with noise.
13)
The effect of alcohol drinking on the hearing is not very clear. An association with chronic alcohol abuse has been observed, but with moderate alcohol intake, the results are less clear. In a study of Upile, et al., 14) the hearing thresholds of women were more affected than men. Slim and healthy people were least affected, whilst older subjects or those with a previous history of heavy drinking were most affected. There was a positive association between increasing breath alcohol concentration and the magnitude of the increase in hearing threshold for most hearing frequencies. The effect of alcohol on hearing was also found to be reversible in the short term but long-term permanent threshold changes cannot be excluded. In contrast, current smokers showed a significantly increased risk of hearing loss compared with non-smokers, while heavy drinkers did not show an increased risk compared to non-drinkers. In addition, there was a decrease of the risk of hearing loss in case of light drinking, which caused a U-shaped response of hearing loss among the amount of drinking. 15) A European population-based multicenter study also depicted that moderate alcohol consumption was inversely correlated with hearing loss. 16) It has been argued that smoking or overweight might contribute to hearing disorder by atherogenic narrowing of the nutrient arteries to the cochlea. Carotid intima-media thickness (CIMT) is a surrogate marker for generalized atherosclerosis. In a study that examined the relationship between CIMT and hearing disorder, CIMT remained a predictor of hearing disorder (OR 1.8, 95% CI 1.0-3.2) after adjustment for cigarettes per day, waist circumference, diabetes, exposure to noise, age and sex. Cigarettes per day and waist circumference were related to CIMT but not to hearing disorder. 17) Although the effect of the body mass index (BMI) decreased when cardiovascular diseases and smoking were controlled as confounding factors, it was shown that high BMI was related with high hearing threshold. 16) Hearing loss by industrial chemical exposures in the workplace, was various, complicated, and controversial. Recent research is uncovering the audiologic effects on humans exposed to chemicals, accompanied through experiments on animals. Industrial ototoxic materials that cause hearing loss were as follows: heavy metals such as arsenic, cobalt, lead, lithium, cadmium and manganese, and chemicals such as carbon monoxide, carbon disulfide, trichloroethylene, xylene, toluene, styrene, n-hexane, dimethylsulfoxide and carbon tetrachloride. 18) Ototoxic chemicals can have reversible or irreversible effects that impair the sense of hearing and balance. They can affect the structure and/or the function of the inner ear (auditory and vestibular apparatus) and the neural pathways from the inner ear to the auditory cortex in the brain. 19) If certain predisposing conditions are present, the risk of ototoxicity is increased. These conditions include impaired renal functioning, pregnancy, inherited susceptibility to ototoxicity, and the effects of noise. 20) In a 2011 research by Sliwinska-Kowalska, et al. 21 ) a 2-4 kHz threshold of organic solvent+noise combined exposure group was significantly higher than that of the solvent-only exposure group, and a 1-8 kHz hearing threshold of the organic solvent exposure group was significantly and highly indicated, compared to the control group. The relative risk (RR) of hearing loss in the solvent-only exposure group was significantly increased [RR 4.4 and 2.8 for noise exposure of ＜80 dB(A) and ＜85 dB(A), respectively] in a wide range of frequencies (2-8 kHz). In their other study in 2005, OR of hearing loss related with the particular exposure to chemicals was 2.4 (95% CI 1.59-3.74) in case of solvent mixture, 3.9 (95% CI 2.4-6.2) in case of styrene and 5.3 (95% CI 2.6-10.9) in case of n-hexane and toluene exposure. The odds of developing hearing loss substantially increased in the case of combined exposure to organic solvents and noise as compared to isolated exposure to each of these hazards. The highest OR (over 20-fold) was demonstrated in subgroups of subjects exposed simultaneously to noise and two ototoxic solvents. 22) In general, the simultaneous exposure to organic solvents and noise seems to enhance the hearing deficit if compared with isolated exposures. Thus, the combined effect of organic solvents and noise should be carefully reviewed even for the noise level below exposure limit, which suggests that preventive program for hearing loss is facing transition point. Also, workers who are exposed to major ototoxic chemicals need to undergo hearing screenings. The American Conference of Governmental Industrial Hygienists (ACGIH) is considering whether current ex-posure limits are adequate to minimize the possibility of potentiating NIHL via combined exposures. ACGIH recommends audiometric monitoring for exposures to noise in combination with toluene, lead, manganese, and lists other substances under current investigation for ototoxicity.
Commonly, it is known that the vibration hand tools generate cause vibration-induced disease. However, in many epidemiological studies, the vibrations derived by hand tools causes NIHL and vibration-induced disease, and can show significantly higher NIHL for worker groups experiencing vibration-induced disease. Thus, long-term vibration exposure contributes to the generation of NIHL, or can cause a synergistic effect. Although it is not clear what impact vibration has on hearing, the effect on peripheral blood vessels can be assumed to influence the deterioration of NIHL. Concurrent exposure to noise and vibration can cause vasoconstriction in the cochlea by affecting the sympathetic nervous system, which can contribute to temporary hearing loss by the decreased blood flow.
According to Kaimio, et al., 23) whole-body vibration and noise increased average hearing threshold as much as 5 dB.
In the Chinchilla research, while there were no effects on the temporary hearing loss through vibration, the combined exposure of noise and vibration could generate a 10 dB temporary hearing loss. 24) In the conducted experiment with workers exposed to noise [90 dB(A)] and vibration (30 m/s 2 , 60 Hz), exposure to vibration alone caused almost no hearing threshold changes at every frequency tested. But exposure to noise or a combination of vibration and noise caused a significant increase in temporary threshold shifts (TTSs) at 4 and 6 kHz. Moreover, exposure to a combination of vibration and noise caused significantly higher TTSs than exposure to noise at 4 and 6 kHz. 25) Pintér 26) indicated that the prevalence rate of sensorineural hearing loss, due to the noise exposure was unexpectedly higher among the tractor drivers, which was assumed to be caused by the whole-body vibration from the tractor. In the noise susceptibility research on hearing for male workers in forestry, the hearing loss of subjects having vibration-induced white fingers (VWF) was faster than that of the subjects without VWF. In this respect, the hearing of subjects were vulnerable to noise, and it is possible that additional vulnerabilities related to noise exposure can be caused since an increase in the activity of the sympathetic nervous system generates changes such as vasoconstriction. 27) In this research, it was able to identify the prevalence rate of hearing loss, including workers in self-employed, unpaid family workers, and employees industries like agriculture, forestry, fishing, wholesale, and retail businesses, from the second KWCS. Also, the effects of all occupational/non-occupational risk factors of hearing loss could be examined. In particular, in the case of occupational factors, it was able to investigate the effects by the sole exposure of vibration and chemicals other than noise, and the additional risks of hearing loss by combined exposures. Furthermore, it was discovered that these occupational factors could be affected by industry type, occupations, and employment status besides physical/ chemical hazards. Therefore, it should be considered as an institutional policy of hearing management for works, aside from the management of NIHL by noise exposure.
However, there were limitations in examining the effects of the occupational factors in regards to hearing loss precisely. The first limitation was that this research was defined, not as a hearing threshold, but as a hearing problem in the survey. Secondly, hearing loss was just examined according to the exposure time, and did not perform exact exposure evaluations in regards to major hazardous factors that cause hearing loss, such as noise, vibration, and chemicals. The factors that influence hearing loss occurrence were not excluded after identifying these factors, such as otologic disease, chronic disease, and especially, conductive hearing loss. Also, since this data was obtained through a self-report survey it was not an exact diagnosis of the occupational disease, and the occurrences of hearing loss and the prevalence for the past 12 months were unclear. As a result, there was a possibility of under-or over-estimation compared with the evaluation of hearing loss by the hearing threshold according to acute/chronic occurrences or progress of the hearing defect. Therefore, further quantitative studies are needed for a more exact assumption of the incidence rates of hearing loss and risk evaluations in regards to hearing and exposure risks.
Conclusion
The overall occupational and non-occupational risk factors related to employees' hearing loss were reviewed. In addition to the exposure to noise, occupational risks of hearing loss, such as isolated exposure to vibration and chemicals, and combined exposure to noise and these hazards, were identified. Multiple exposure to hazards, along with prolonged noise exposure increased the risk of hearing loss. In order to achieve accurate estimation of the incidence rate of hearing loss and its risk assessment, quantitative research on hearing and the risks of exposure is necessary.
